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Claim 

An ultra-thin micropore diaphragm characterized by the following facts: it is prepared 
using a processing method that processes a systern composed of a fluororesin fine powder and a 
liquid pore-forming agent into a thin membrane-shaped film under compressive stress and shear 
stress; in this method, at least two layers in a composite laminated state are fomied by processing 
for integration on a porous base material, and then other layers are peeled off, leaving only a 
layer of 20 ^im or thinner contacting the porous base material to obtain an ultra-thin micropore 
diaphragm. 

D etailed explanation of the invention 

The present invention pertains to an ultra-thin micropore diaphragm with a thickness of 
20 jxm or less and with a mean pore diameter of 1000 A or smaller. More specifically, the present 
invention pertains to an ultra-thin micropore diaphragm prepared by forming two or more layers 
of fluororesin, such as poiytetrafluoroethylene resin (hereinafter to be referred to as PTFE), in a 
composite laminated structure in the thickness direction of the diaphragm and integrated to each 
other on a porous base material, followed by peeling off other layers leaving only a layer of 
20 \im or thinner. 

For micropore diaphragms of this type, in addition to the ability to concentrate at high 
efficiency, tlie processability per unit area should be high. For example, when it is used for 
electrodes of fuel cells, it should function to completely prevent leakage of the strong alkaline 
solution while feeding the fuel gas in large quantity. When it is used as a reverse osmosis 
diaphragm, the salt removal rate should be high, and the quantity of permeated liquid should be 
large. When it is used in separation of gases or isotopes, it should be capable of selectively 
permeating a large quantity of only the component with a long mean free path, A micropore 
diaphragm is characterized by the factors of mean pore diameter (r), pore coimt (n), and 
diaphragm thickness (1). The function to separate different components depends on the value of 
the mean pore diameter, and the processability depends on the pore count and the diaphragm 
thickness. It is very difficult to increase the pore count significantly when the prescribed 
manufacturing method is adopted, and a significant reduction in thickness leads to a deterioration 
in strength. Consequently, conventional micropore diaphragms can hardly be used in practical 
applications. 

In the prior art, several methods have been proposed to manufacture porous materials 
from PTFE resin. According to the method disclosed in Japanese Kokoku Patent No. Sho 
35[1960]-18048, an inorganic filler is used as the pore forming agent. According to the method 
disclosed in Japanese Kokoku Patent Nos. Sho 40[1965]-1 1642, Sho 41 [1966]^8385, and Sho 
46[1971]-8589, PTFE resin is fully converted to a fiber form to obtain a paper-like porous 
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material According to the scheme disclosed in Japanese Kokoku Patent No. Sho 42[1967]- 
13560, drawing is performed to form a porous material However, all of the porous materials 
obtained using the aforementioned methods can only provide diaphragms with large pore 
diameter, and a mean pore diameter of 1000 A or smaller is impossible to obtain. In said 
methods for manufacturing said porous materials with a large pore diameter, heating/sintering is 
perfonned at a temperature over the melting point of the PTFE resin. On the other hand, 
according to the scheme proposed in Japanese Kokoku Patent No. Sho 36[1961]-"6735, a PTFE 
resin sheet in unsintered form is used in the sealing for a screw joint, and, according to the 
methods disclosed in Japanese Kokoku Patent Nos. Sho 42[1967]-15448 and Sho 
44[1969]4 1246, British Patent Nos. 1,273,717 and No. 1,273,718, and US Patent No, 3,407,249, 
unsintered sheets have relatively small pore diameters, and they display a water repellant 
function in electrodes for fuel cells. 

However, all of said pxFE resin sheets have a thickness of 100 pim or more, and it is 
impossible to directly form a sheet with a thickness of 20 jim or less. 

A porous material consisting of two or more layers with different pore diameters in the 
thickness direction is well known from the manufacturing method for electrodes for fuel cells 
described in US Patent No. 3,423,247. In this manufacturing method, fine carbon powder and a 
soluble polymer, especially a polyethylene fine powder, are heated and blended to form layer A. 
Then, this layer is laminated to layer B containing a catalyst, followed by molding and cooling 
for solidification. Finally, crosslinking irradiation is applied for fixing. In addition, according to 
the method described in US Patent No. 3,486,961, a PTFE layer and a fluoroethylene propylene 
copolymer (FEP) layer are laminated on the surface of a metal or ceramic, while the laminate is 
contacted with a heating roll for sintering. As a result, a laminate free of pores is formed. 
However, in this method, laminating and fusion are performed with little change in the thickness 
of the PTFE layer and FEP layer before laminating. Also, a film entirely free of pores is formed 
for use as a heat resistant, oil resistant and weatherproof material 

The present inventors performed extensive research and found that using a PTFE or 
another fluororesin unsintered sheet, two or more layers having nearly the same constitution as 
that of the ultra-thin micropore diaphragm are formed in a laminated structure on a porous base 
material without applying excessive compressive stress and shear stress, and then the upper 
layers are peeled off, leaving only the ultra-thin micropore layer of 20 jam or thinner on the 
surface of the porous base material so as to form the desired ultra4hin micropore diaphragm. As 
a result, the present invention was reached. 

The present invention provides an ultra-thin micropore diaphragm characterized by the 
following facts: layer A as a thin film prepared by extruding, rolling or other paste processing of 
a composite made of PTFE or another fluororesin fine powder and a liquid pore-forming agent 
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and layer B as a paste thin film preferably having the same composition as that of layer A or 
having a different composition are set in a composite laminated state while subjected to thin film 
processing such that they are integrated to each other and then bonded mider pressure on the 
surface of a porous base material ; in this case, the ratio of the thiclcness of layer A to layer B 
immediately before said integrating processing should be selected appropriately to ensure that 
layer A is 20 ]im or thinner, and the layers are pressed and bonded so that said layer A is attached 
on the porous base material For the pressed and bonded material, the adhesive strength between 
the layers depends on the properties of the porous base material When a metallic porous material 
with a mean pore diameter of 1-10 (im and with a porosity of 30-65% and prepared by sintering a 
powder alloy is used as the base material, the adhesive strength between layer A and layer B is 
weaker than that between layer A and the base material Consequently, layer B can be solely and 
fully peeled off using a small force. Then, by means of a low molecular weight liquid, the liquid 
pore-forming agent is extracted to form pores in the PTFE or other fluororesin. However, after 
formation of pores, the peeling of layer B becomes very difficult. In this case, it has been found 
that the adhesive strength between layer A and the base material is weaker than that between 
layer A and layer B, 

Layer A and layer B differ from each other with respect to the properties of the PTFE or 
other fluororesin fine powder and the liquid pore-forming agents yes/no of filler, type of filler, 
thickness and orientation of the thin films before compositing, etc. Properties of the PTFE or 
other fluororesin fine powder include molecular weight (polymerization degree), mean grain 
size, distribution of the grain size, crystallinity, specific area value, plastic deformation property, 
type of the minute quantity of copoiymerization component used as the modifier, such as 
hexafluoropropylene, ethylene trifluorochloride, vinylidene ethylene fluoride, propylene, etc., 
and its proportion (composition ratio), etc. 

Properties of the liquid pore-fomiing agent include the viscosity of the liquid as a fluid, 
the solubility parameter (hereinafter to be referred to as SP) representing the chemical affinity, 
and the proportion of the liquid pore-forming agent with respect to the PTFE or other fluororesin 
fine powder. 

Here, the SP value refers to the square root of the ratio of the coagulation energy density 
of the structural elements to the molecular volume. It is defined by Hildebrand and Scott, and is 
described in the following reference: Polymer Handbook published by Interscience Publishers, 
Chapter 4, pp. 341-368. Examples of inorganic compounds for the filler include metallic and 
ceramic fine powder, carbon powder, and various types of salts. Examples of organic compound 
fillers include low-molecular weight crystalline fine powder, polymer fine powder, etc. 
Examples include platinum powder, tungsten carbide powder, nickel powder, bronze powder, 
alumina fine powder, carbon black, titanium oxide, glass fine powder, vycol glass, glass fibers, 
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various ammonium salts (ammonium acetate, ammonium benzoate, ammonium chloride, 
ammonium formate, ammonium nitrate, ammonium sulfate, etc.), alkali metal salts (potassium 
acetate, sodium acetate, etc.), glycol and esters thereof, olefin base polymers (polyethylene, 
polypropylene), polyvinyl fluoride, polyvinylidene fluoride, and other halogenated olefin 
polymers. The above-listed fillers can be freely selected in a quantity range that enables plastic 
processing of the paste made of PTFE or other fluororesin fine powder and the liquid 
pore-forming agent. 

The composition of layer A with a mean pore diameter of 1000 A or smaller may be 
realised using one or several of the following schemes: 

(1) It may be prepared by using PTFE or another fluororesin fine powder with a grain 
size of 0.25 ^im or smaller, or (2) by using a liquid pore-fonning agent with low viscosity and a 
low boiling point such that does not evaporate and dissipate in the paste processing, and (3) by 
containing an ultra-fine-grain filler of OJ jiim or smaller. 

On the other hand, the composition of layer B may be prepared as a paste thin film layer 
using one or several of the following schemes; 

(1) It may be prepared by using PTFE or another fluororesin fine powder with a grain 
size of 035 ftm or smaller, or (2) by using a liquid pore- forming agent with a viscosity of 15 cS 
or higher in processing, (3) a liquid pore-foming agent with a volumetric proportion of 0.35 or 
more, and (4) a filler that allows dissolution, extraction or decomposition, etc. 

When two or more layers are bonded, for example, layer A with a thickness of 0.1 mm 
and with a small mean pore diameter and layer B with a thickness of 0.4 mm are set without air 
between them, and they are processed into a thin film, so that a bonded entasis composite 
structure of 2 layers, a 20 tim-thick layer A and a 80 ^m-thick layer B, is formed. The composite 
film is then drawn under conditions that are not severe, that is, without excessive stress, so that it 
is in close contact with the porous base material, followed by peeling off of layer B. If needed, 
the film may be lightly rolled, and no peeling takes place in this case, Finally, the liquid 
pore-forming agent is completely extracted from layer A, so that pores can be formed. 

In the following, an explanation will be given regarding the mechanism of formation of 
the thin film for the laminated material having two or more layers. 

When thin film processing is performed using calender rolls, according to the theory of 
rolling of a resin material (for example, see: Gaskell: J. Applied Mechanics, Vol. 17, pp. 
334-336; Mckelvey (translated by K. Ito): ''Polymer processing engineering", pp. 183-196), the 
stress acting on the workpiece for rolling is not only reciprocally proportional to the roll nip 
spacing, but it also depends on the radius of the rolls, the rolling speed, the thickness of the 
workpiece, etc., and it can be represented by a numeric formula. Among the aforementioned 
factors, the reciprocal proportional relationship with the roll nip spacing has the most significant 
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effect. Consequently, when a film is rolled to an ultra-thin film of 30 jxm or thinner, naturally, a 
high load has to be applied. However^ if the load is too high, during rolling of the thin film, the 
pattern of flow of resin becomes disturbed, and, as a result, many defects result. 

According to the present invention, two or more layers are laminated for rolling to a thin 
film. In this c^e, for example, with a roll nip spacing of 100 jLim, it is possible to obtain a thin 
film of 100 iim. In this case, when processing is performed to a thickness of 20 (im for layer A 
with a small mean pore diameter (thickness of layer B is 80 \xm), the stress of said 100 j^un nip 
acts, and it is merely about 1/5 the stress of a 20 jxm roll nip. However, after peeling off of the 
other layer, the characteristics of the obtained diaphragm depend on the thickness and pore 
diameter of layer A with a small mean pore diameter, and this is an amazing result. As the 
porous base material for reinforcement used in this case, one may adopt any material with a pore 
diameter of 0.1-500 pn, a surface roughness of about 10 ^m, and a modulus of 10"^ kg/cm^ or 
higher. Especially, the most preferable material is a base material prepared using a sintered metal 
powder. More specifically, one may use nickel, copper, aluminum, or another metal or alloy. 

In the following, an explanation will be given regarding the properties defined in the 
present invention and their measurement methods. 

The mean grain size and grain size distribution of PTFE or other fluororesin powder can 
be directly determined by means of 50,000x electron micrograms. The weight-average grain size 
distribution can be determined by analyzing the grain size distribution function from the Stokes 
formula using schlieren photographs indicating variation in the refractive index when PTFE or 
another fluororesin water-base dispersion is precipitated in an ultra-centrifugal field. Usually, the 
grain size at the frequency of 0.5 is taken as the weight average grain size. 

For the powder or paste in the present specification, the plastic defonnation property can 
be determined relatively from the stress-strain relationship in compressive molding, and it can be 
expanded in the same way as in the above for the filler-containing material. 

The gas permeability of the micropore diaphragm can be computed from the molar 
quantity flowing in 1 min under a prescribed capacity or under a prescribed pressure, and the 
mean pore diameter can be computed from the diffusion coefficient throughout the diaphragm. 
For the diaphragm with ultra-fine pores, it is also possible determine the pore diameter" 
distribution and mean pore diameter from the BET-type capillary condensation mechanism. 
Usually, a mercury press-in method cannot be adopted since the sample for measurement would 
be compressed and defonned under high pressure. The diaphragm with ultra-fine pores of the 
present invention can be used in various applications over a wide range due to its good 
properties, such as adjustable porosity, very high chemical resistance, and excellent thin film 
property. Examples of applications include filtering material for chemicals of high corrosivity, 
such as mineral acids or hydrofluoric acid, etc., diaphragm for electrodes in fuel cells that require 
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prevention of leakage of the liquid of the strong alkaline electrolyte solutions and efficient 
permeability of the fluid used as the fuel, recovery and concentration of helium from natural gas 
by means of gas isolation, a diaphragm for concentration of isotopes from uranium hexafluoride 
gas, a diaphragm for recovery of salts, such as heavy metal salts, table salt, etc, in industrial 
wastewater or for softening water by means of reverse osmosis, a reverse osmosis plant 
diaphragm for generating freshwater from sea water, a diaphragm for collecting air from sea 
water (artificial gills), blood vessels, kidneys, etc, as artificial organs, etc. 

In the following, an explanation will be given in more detail regarding application 
examples of the present invention. 

Application Example 1 

With a volume fraction of 32%, Difloil #1 (fluoro oil manufactured by Daikin Kogyo 
K.K.) was added to 100 g of PTFE resin with a weight average grain size of 0.17 jim. After 
200 mL of Freon 1 13 were mixed and the mixture was shaken, the entirety was set in an 
evacuated state to evaporate only the Freon 113. (Composition A), On the other hand, 40% of 
commercially available mineral oil, White Oil, was added to 100 g of PTFE resin F-108 
manufactured by Daikin Kogyo K,K, to form composition B. Said compositions A, B were 
molded under a pressure of 30 kg/cm to form strips with a thickness of 4 mm and a width of 
20 mm. Using a calender roll, rolling was performed in the direction at a right angle to the 
direction of extmsion, and rolling w^as performed to a thickness of 0.2 mm. Then, only 
composition A was rolled again to 50 \xm. Said layer B of 200 ^m and said layer A of 50 fxm 
were laminated with no vapor entering the portion between them. The laminate was rolled 
monolithically to an overall thickness of 60 jim. Then, the 60 \xm laminated sheet was bonded 
under pressure so that layer A was bonded to a porous base material prepared from a sintered 
alloy made of nickel powder of 1-10 \xm. Then, from one end of the pressed and bonded 
material, only layer B of about 50 jim was pulled in the pressing direction, so that layer A of 
about 10 ^im appeared at the surface. Finally, by means of Freon 1 13, Difloil #1 was fully 
extracted, and the obtained film had a mean pore diameter of 260 A, an argon gas permeability 
coefficient of 2.8 x 10' mol/cm *cmHg-min. For the saniple without peeling of layer B, the mean 

, and the permeability was 1.65 X 10~ mol/cm *cmHg*min. 
Consequently, after removal of layer B, the permeability nearly doubled, while the mean pore 
diameter remained nearly the same. 

A pplication Examples 2-5 

A laminated sheet was bonded under pressure on a nickel porous base material just as in 
Application Example 1, except that the thickness ratio of layer A and layer B and the thickness 
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after integrated rolling were changed to those listed in Table 1. The properties of the samples 
after peeling of layer B are also listed in the following table. 
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Key: 1 Application Example No. 

Thickness of composition A 
Thickness of composition B 
Thickness after integration 
Thickness of layer A in pressed and bonded material 
Mean pore diameter 
Permeability 
2 Comparative Example 

A pplication Example 6 

10 parts of oil furnace activated carbon with a surface area of 165 m^/g, a porosity of 
21%, and a mean pore diameter of 250 A and 7 parts of platinum black were blended by 
agitating with a PTFE emulsion. In this case, 4 parts of Triton X-100 were added into the PTFE 
emulsion^ followed by diluting the solution to double the volume such that no coagulation took 
place. This was then coated uniformly on a nickel porous base material with a thickness of 
0,8 mm. The result was kept moist such that while the excess moisture dried and dissipated, no 
cracks developed on the coating film. The 50 fxm sheet (with 10 )xm of layer A) of Application 
Example 2 was applied under pressure so that layer A contacted the surface of the catalyst. Then, 
layer B was entirely peeled off. Finally, Freon 1 13 was used to completely extract the liquid 
pore-forming agent, foraiing an electrode for a fuel cell with a lead wire contacting the nickel 
porous base material When this electrode, which had a mean pore diameter of only about 300 A, 
was assembled in a fuel cell, it displayed a sufficient water repellant property for the electrolyte, 
and It could be used for a long period of time. Since layer A is only 10 the fuel gas can 
diffuse quickly, and this leads to an increase in tlie reaction current density per unit area. 
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Application Example 7 

The diaphragm prepared in Application Example 5 was assembled in a cell for reverse 
osmosis. Then, 4000 ppm saline was ted under a pressure, of 75 kg/cm^ and at 200 cc/min. It was 
found that the permeated solution had a concentration of 150 ppm, that is^ the salt removal rate 
was 96%, and, with an effective area of 7.6 cm^, the liquid permeability quantity was 20 g/h. 
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